All relevant data are within the paper and its Supporting Information files.

Background {#sec006}
==========

Low serum testosterone levels are associated with increased atherosclerosis and risk of cardiovascular mortality, both in men with spontaneous age-associated serum testosterone decline \[[@pone.0234131.ref001]\], and in patients receiving androgen deprivation therapy (ADT) to control prostate cancer \[[@pone.0234131.ref002]\]. Meta-analysis of randomized clinical trials of ADT, on the other hand, has failed to replicate the finding from observational studies and causality of the association between castration and cardiovascular disease thus remains unresolved \[[@pone.0234131.ref003]\].

One prevailing hypothesis is that hypogonadism may increase cardiovascular risk through atherogenesis. This has been explored in mouse and rabbit models, where castration changes fat distribution, evokes more atherogenic lipid profiles, increases atherogenesis, and leads to changes in plaque composition with increased necrosis \[[@pone.0234131.ref004]--[@pone.0234131.ref007]\]. Recent studies in *Apoe*-deficient mice showed that loss of testosterone signaling in thymic epithelium was responsible for part of the pro-atherogenic effect \[[@pone.0234131.ref008]\]. Yet it remains unclear to what extent these effects of castration in mice and rabbits may translate to other models and indeed to human atherosclerosis.

Porcine models of atherosclerosis, including wildtype and gene-modified lines, develop lesions with high pathoanatomical resemblance to human lesions \[[@pone.0234131.ref009]\]. Because of its routine use in pork production or to avoid unsolicited breeding of commercial minipig lines, male pigs in experimental atherosclerosis experiments have often been castrated. Importantly, however, the effect of castration on atherosclerosis in pigs has never been analyzed, and it remains unknown how castration may have contributed to atherosclerosis phenotypes reported in the literature. In the present report, we analyzed the effect of castration on plasma lipids, atherosclerosis, and animal behavior in Yucatan minipigs with genetic hypercholesterolemia.

Methods {#sec007}
=======

Animals {#sec008}
-------

Procedures involving animals were approved by The Danish Animal Experiments Inspectorate (2015-15-0201-00570). Transgenic Yucatan minipigs with hepatic overexpression of a gain-of-function mutant of human proprotein convertase subtilisin/kexin type 9 (PCSK9^D374Y^) \[[@pone.0234131.ref010]\] were bred at the Department of Animal Science, Aarhus University. The animals were kept in a specific pathogen-free facility. Housing was initially in groups and later individually with visual, auditory, olfactory and tactile contact to other pigs.

A total of 20 male piglets were randomized to either bilateral orchiectomy performed 2--7 days after birth (n = 12) or serving as controls (n = 8). This number was estimated by a power analysis to detect a difference of 40% in aortic atherosclerosis (by en face examination) using variation estimates from a previous report \[[@pone.0234131.ref010]\]. Bilateral orchiectomy was performed after intramuscular injection of 5 mg flunixin meglumine per animal (a long-acting NSAID) as a pain relief. Testes were then removed through an incision through the overlying skin. Pigs were monitored by the stable facility staff and no acute complications to the procedure were observed.

The minipigs were fed a low-fat standard pig diet until 3 months of age and subsequently a high-fat high-cholesterol (HFHC) diet consisting of standard pig feed comprising 20% (w/w) of lard and 2% cholesterol (Sigma-Aldrich) until euthanization at 12 months of age. The diet was prepared by solubilizing the crystalline cholesterol in melted lard and mixing it with a standard feed for growing pigs containing 68.0% barley, 15.0% oat, 9.6% soy bean meal, 2.0% animal fat, 3.0% molasses, and 2.4% minerals and vitamins. Feeding was ad libitum until the pigs reached a weight of 20--25 kg and was then restricted to 700 g of feed per day divided into two daily portions.

The animals were monitored daily by the facility staff throughout the study period. Six pigs were lost from the study leaving final group sizes of 8 castrated pigs and 6 controls. Three pigs (2 castrated and 1 control) were euthanized because of the occurrence of scrotal hernias. Hernias were endemic in our Yucatan minipig colony at the time, but was greatly mitigated by changing breeders suggesting that it was genetic and not a complication to the orchiectomy. Three additional pigs were lost, two euthanized because of sickness (gastroenteritis) and one dead from an unknown cause.

Assessment of aggressive behavior {#sec009}
---------------------------------

At 11 months of age, minipigs were transferred to single-pens in another stall with only males. Aggressive behavior in this setting was assessed by scoring 10 aggression parameters (yes/no scoring yielding a score from 0--10) defined in collaboration with the animal facility staff: Attempting to bite observer, biting bars on fence, pushing the observer, bumping into bars on fence, standing with front legs on top of fence, chewing noisily, digging with front legs, standing very upright, facing laterally to the observer, resists being pushed. The minipigs were also assessed for shyness of the observer (keeping a distance), which was considered a sign of non-aggression. Pigs were familiar with the observers, which were part of the daily animal staff caring for the pigs. Each minipig was assessed 1--4 times. Blinding was not possible because the lack of testes is obvious in orchiectomized pigs. An average score on each parameter was calculated for animals observed more than once. The overall total score of all aggression parameters was compared between castrated and control minipigs. Likewise, score on the non-aggression parameter, shyness of the observer, was compared between groups.

Plasma analysis {#sec010}
---------------

Blood was drawn in the morning from individual animals after an overnight fast and EDTA-plasma analyzed for total cholesterol, LDL cholesterol (direct method), HDL cholesterol (direct method), and triglycerides by standard procedures using an autoanalyzer ADVIA 1800^®^ Chemistry System (Siemens Corporation, Tarrytown, NY 10591, USA). *Intra*- and *inter* assay precision were in all instances below 3 and 4 CV%, respectively. Plasma testosterone was analyzed in the blood samples collected at 3, 6, 9, and 12 months of age by immuno-chemical methods (Arbor Assays, K032-H1, Michigan 48108 USA). The instructions given by the manufacturer were followed. Coefficient of variation between replicates were in all instances below 12%, the limit of detection was confirmed to be at least 40 pg/mL.

Pathology {#sec011}
---------

At the age of 12 months, the minipigs were sedated by intramuscular injection of midazolam (1 mg/kg) and azaperone (8mg/kg). 10.000 IU heparin was injected intravenously and animals were euthanized by a lethal dose of pentobarbital (4 mL/kg). Hearts were excised and immersed in 4% phosphate-buffered formaldehyde. The aortas were cut transversally between the branching of the 6^th^ and 7^th^ intercostal arteries to divide aortas into the thoracic and abdominal part. The two aortic specimens and the proximal 8 cm of the right iliac artery were cut open longitudinally and fixed on a polystyrene plate with needles before immersion in formaldehyde for 24 hours. All specimens were then kept in cold phosphate-buffered saline.

Aortas and right iliac arteries were stained with Sudan IV (Sigma-Aldrich; 5 g/liter in 96% ethanol in 5 minutes followed by 90 seconds washout in 96% ethanol) and *en face* images of the vessels were obtained using a digital scanner (Epson Perfection V600 Photo, Seiko Epson Corporation, Japan). In thoracic aortas and iliac arteries, the area fraction of intimal surface covered with lesions was determined by automated computer-assisted measurement of Sudan-IV stained (sudanophilic) intima using ImageJ 1.48v (National Institutes of Health, USA). Lesions in the abdominal aorta were traced manually using ImageJ since most of the raised lesions in this region were less sudanophilic.

For histological examination, left anterior descending (LAD) coronary arteries were excised from the myocardium and the proximal 3 cm were divided into six 5 mm segments. The most advanced lesion (by macroscopic inspection) in two regions of the abdominal aorta were also obtained. Lesions develop reproducibly in the distal aorta near the aortic trifurcation and a cross-sectional slice containing the most raised lesion in this region was selected. Furthermore, a cross-sectional slice containing the most raised lesion furthermore proximal in the abdominal aorta (typically near the renal arteries) were obtained. Segments were paraffin-embedded, sectioned for histological analysis, and stained with elastin-trichrome for morphometric analysis and morphological measurement. Plaque necrosis, defined as cell- and collagen-free areas in trichrome and Sirius Red-stained sections, was determined in abdominal aortic lesions.

Lesion and necrotic size were measured using ImageJ (NIH). For aortic plaques, maximum plaque-thickness was measured from the internal elastic lamina to the lumen. All microscopic analyses were performed blinded. Lesions were categorized according to the Virmani classification as normal, xanthoma, pathological intimal thickening or fibroatheroma \[[@pone.0234131.ref011]\].

Statistics {#sec012}
----------

All statistical analyses were performed using Prism 6 (GraphPad Software Inc). Data are expressed as mean±SEM. The experimental units in all statistical comparisons were single animals. P-values were calculated using 2-tailed unpaired Student's t-test (with Welch's correction as indicated in figure legends) for normally distributed data (Shapiro-Wilk normality test). Area under the curve (AUC) was calculated by the trapezoidal method and compared between groups to test for differences in time serial measurements. For comparison of plaque types between groups, the most advanced plaque type recorded in each pig and arterial bed was compared among groups using Fisher's exact test. P\<0.05 was considered significant. Significant differences are marked with \* in figures. Exact values for P\<0.05 and P = 0.05--0.10 are given in text and in figure legends.

Results {#sec013}
=======

Fourteen male PCSK9^D374Y^ Yucatan minipigs were, by randomization, either orchiectomized (Orx) (n = 8) or served as controls (n = 6). Plasma testosterone was measured on blood samples collected at 3, 6, 9, and 12 months of age, and showed the expected increase around sexual maturation in intact minipigs. Orchiectomy reduced testosterone to castrate levels similar to those reached by ADT in humans (\<0.2--0.5 ng/ml) ([Fig 1A](#pone.0234131.g001){ref-type="fig"}). Mean final body weights did not differ between groups (79.0±3.06 kg versus 77.3±3.83 kg), but orchiectomized males on average had thicker backfat compared with controls (69.1±3.49 mm versus 49.5±7.81 mm, P = 0.027).

![Plasma measurements, plaque burden, and animal behavior.\
**A**. Plasma testosterone levels in orchiectomized (Orx) and control PCSK9^D374Y^ Yucatan minipigs. \*P\<0.0001 (t test on AUC). **B**. Plasma lipid levels on low-fat diet (3 months of age) and on HFHC diet (6, 9, and 12 months of age) was altered in castrated pigs with modestly increased LDL cholesterol (\*P = 0.045, t test with Welch's correction on AUC) and reduced HDL cholesterol (\*P = 0.002, t test on AUC). The difference in plasma triglyceride burden over the course of study was not significant (P = 0.06, t test on AUC). **C**. Representative examples of Sudan red stained thoracic aorta (left), abdominal aorta (middle) and right iliac (right). **D-F**. Quantification of lesions as fraction of total vessel surface in thoracic aortas (D), abdominal aortas (E), and right iliac artery (F) showing no significant differences between groups. Data from the examples in (C) are marked in red. **G**. Representative examples of histology of iliac lesions stained with hematoxylin-eosin. Scale bars = 500 μm. **H-I**. Intimal/lesion areas measured on hematoxylin-eosin stained sections in right iliacs and LADs show no differences between groups. Data from the examples in (G) are marked in red. **J**. Scoring of aggressive behavior showed significant reduction in orchiectomized pigs. Each animal was observed one to four times. \*P = 0.009 (t test with Welch's correction). Number of data points/animals in each panel are 6 and 8 for the control and orchiectomized groups, respectively. Error bars indicate mean and SEM.](pone.0234131.g001){#pone.0234131.g001}

Plasma lipids were unaltered by orchiectomy at baseline when pigs were fed standard low-fat diet, but orchiectomized pigs developed higher plasma LDL cholesterol and triglycerides and lower plasma HDL cholesterol on high-fat, high-cholesterol diet over the course of study ([Fig 1B](#pone.0234131.g001){ref-type="fig"}).

Castration does not alter plaque burden {#sec014}
---------------------------------------

Atherosclerosis burden was evaluated by *en face* analysis of the thoracic aorta, abdominal aorta and right iliac artery, in serial cross-sections through the LAD and right iliac artery. The surface of the thoracic aorta was mainly covered by non-raised sudanophilic fatty streaking (≈45% surface area), while the abdominal had predominantly raised lesions (≈30% or surface area) ([Fig 1C](#pone.0234131.g001){ref-type="fig"}). Lesions in the right iliac artery spanned from fatty streaks to small raised lesions (≈30% in total). Fractional lesion area was not statistically altered by orchiectomy in any of the vascular beds ([Fig 1D--1F](#pone.0234131.g001){ref-type="fig"}). Consistently, average intimal area was not significantly affected by orchiectomy in the LAD and right iliac artery ([Fig 1G--1I](#pone.0234131.g001){ref-type="fig"}).

Castration reduces aggressive behavior in PCSK9^D374Y^ minipigs {#sec015}
---------------------------------------------------------------

Animals where evaluated on aggressive behavior within the last month before euthanization when they were housed in single-pens in stalls with only males. Orchiectomized minipigs exhibited less aggressive behavior than controls as measured by the average score of 10 aggression parameters ([Fig 1J](#pone.0234131.g001){ref-type="fig"}). The positive non-aggression parameter (shyness of the observer) was not altered significantly.

Plaque necrosis in fibroatheromas increased in orchiectomized minipigs {#sec016}
----------------------------------------------------------------------

Morphological analysis of lesions in the LAD and right iliac arteries showed mostly early atherosclerotic lesion types consisting of foam cell lesions and pathological intimal thickenings ([Fig 2A](#pone.0234131.g002){ref-type="fig"}), and there were no statistically significant differences between groups. To probe for lesion composition at a more advanced stage of atherosclerosis, we did further histological analysis at two sites in the atherosclerosis-susceptible abdominal aorta. A blinded observer harvested the most raised lesion in close proximity to the aortic trifurcation and the most raised lesion in the more proximal part of the abdominal aorta. The majority of lesions were pathological intimal thickenings and fibroatheromas (progressive lesions) and there was no difference in frequency distribution (progressive versus non-progressive nor fibroatheromas versus non-fibroatheromas) between orchiectomized and control animals ([Fig 2A](#pone.0234131.g002){ref-type="fig"}). Lesion thickness (a proxy for plaque size) was not affected by castration in the aortic trifurcation nor in the proximal abdominal aortic lesion ([Fig 2B](#pone.0234131.g002){ref-type="fig"}). However, analysis of necrotic core formation in the aortic lesions, quantified as the fraction of collagen-free lesion areas in Sirius Red-stained histological sections, revealed a significant higher amount of necrosis in castrated compared with control minipigs ([Fig 2C--2E](#pone.0234131.g002){ref-type="fig"}).

![Plaque typing and core formation.\
**A**. Lesion type (Virmani classification) of sections from the LAD, right iliac and abdominal aorta. For statistical analysis, the most advanced lesion type found in each animal was compared between groups. Differences were not statistically significant (Fisher's exact tests). **B**. Thickness of the most raised lesions in the distal abdominal aorta close to the trifurcation and further proximal were similar between groups. **C**. Plaque necrosis in abdominal aorta lesions (mean of necrosis at the two aortic sites) were significantly increased in castrated animals. \*P = 0.036 (t-test with Welch's correction). **D-E**. Representative images (indicated by red dots in B-C) of trichrome- and Sirius Red-stained histological sections of abdominal aorta lesions. Scale bars = 1 mm. Number of data points/animals in each panel are 6 and 8 for the control and orchiectomized groups, respectively. Error bars indicate mean and SEM.](pone.0234131.g002){#pone.0234131.g002}

Discussion {#sec017}
==========

In the present study, we tested the effects of perinatal surgical orchiectomy on the development of atherosclerosis in hypercholesterolemic PCSK9^D374Y^ Yucatan minipigs. Orchiectomy led to plasma testosterone at castrate levels defined for human ADT and caused a more atherogenic lipid profile with higher LDL-cholesterol levels similar to what has been reported for hypogonadal men \[[@pone.0234131.ref002]\]. Atherosclerotic lesion size was not changed in any vascular bed, but at the most atherosclerosis-prone site examined in the abdominal aorta, where fibroatheroma development was frequent at the time point examined, significantly larger necrotic cores were found in castrated minipigs.

The analysis of castration effects fills a knowledge gap in the field of porcine atherosclerosis models. Porcine models have been used for decades for atherosclerosis research, and animals have frequently been castrated for various reasons, but the effects that castration may exert on lesion development has not been addressed. This is not merely a technical point that hinders comparison of different approaches to lesion induction and must be factored into the interpretation of previous pig studies. Effects of castration in experimental models may also point to potential causal mechanisms underlying the association of androgen deprivation therapy, or spontaneous hypogonadism, with coronary events \[[@pone.0234131.ref001],[@pone.0234131.ref002]\].

Overall, we found modest effects of castration on plasma lipids and plaque burden in minipigs compared to what has been reported in mice and rabbits \[[@pone.0234131.ref004]--[@pone.0234131.ref008]\]. As an investigation into the human association of hypogonadism and coronary events, our investigation is unfortunately limited by the scarcity of advanced coronary lesions in the present study. The augmented plaque necrosis that we found in the most advanced lesions of the abdominal aorta in castrated minipigs may, however, be interesting in that respect, because it is consistent with observations in advanced murine atherosclerosis. In fibroatheromatous lesions induced by flow-disturbing collars in *Apoe*-knockout mice, Knutson et al. found that castration through GnRH agonism increased necrotic core size without changes in lesion burden \[[@pone.0234131.ref007]\]. Another study in *Apoe*-knockout mice also demonstrated an androgen receptor-dependent effect of testosterone on necrotic core formation \[[@pone.0234131.ref012]\]. If castration facilitates necrosis in coronary lesions in humans, this may be a credible mechanism for the relatively rapid onset of the increased risk of heart attack after ADT \[[@pone.0234131.ref013],[@pone.0234131.ref014]\]. It would be interesting in future studies to investigate the short-term effects on plaque necrosis when castration is induced in older PCSK9^D374Y^ males with advanced, pre-existing coronary atherosclerosis to test this hypothesis more directly. Such further studies are also warranted since the analysis of abdominal aorta plaque necrosis was an ad hoc finding of the present investigation and not one of the pre-specified analyses.

Although castration in the present study was related to changes in LDL and HDL, the relatively small size of that effect and the absence of changes in plaque burden, indicate that causes of increased plaque necrosis may well be lipid-independent effects. Androgen receptors are present on many cell types in the atherosclerotic lesion, including macrophages, endothelial cells and smooth muscle cells \[[@pone.0234131.ref015]\]. Previously reported effects of testosterone deficiency, which conceivably could be involved in plaque necrosis, include heightened inflammation by macrophages or T cells \[[@pone.0234131.ref008],[@pone.0234131.ref016]\], and reduced reverse cholesterol transport from foam cell macrophages \[[@pone.0234131.ref017]\]. GnRH receptors are also present on cells partaking in atherosclerotic plaques and may potentially be stimulated by compensatory increases in GnRH levels that result from orchiectomy \[[@pone.0234131.ref007]\].

The results obtained in the HFHC-fed PCSK9^D374Y^ transgenic minipigs may not necessarily extend to all pig models used for atherosclerosis research. Male castration has previously been shown to lead to obesity and decreased insulin sensitivity in adult Göttingen minipigs \[[@pone.0234131.ref018]\]. It is possible that such metabolic changes contribute to the atherosclerosis phenotype that can be induced in castrated male Göttingen minipigs by high-fat, high-cholesterol diet \[[@pone.0234131.ref019]\]. The restrictive feeding regimen of the present study may help explain why we observed no changes in body weight and only a moderate increase in backfat thickness in castrated PCSK9^D374Y^ transgenic minipigs. Genetic background may also be important, and Yucatan minipigs are known to develop less metabolic changes on high energy diets than Ossabaw minipigs, which are also used for atherosclerosis research \[[@pone.0234131.ref020],[@pone.0234131.ref021]\].

Perinatal orchiectomy of boars is standard practice in industrial livestock to prevent a strong undesirable flavor of pork. It also comes with benefits in animal handling and welfare, since entire male pigs exhibit more aggressive behavior causing injuries, especially after sexual maturation. In our work, we confirmed a clear aggression-reducing effect of orchiectomy in PCSK9^D374Y^ Yucatan minipigs. Atherosclerosis studies are long term and include extended periods working with sexually mature animals, and animal aggressive behavior is a considerable concern in the work environment for facility staff members. Aggressive behavior is also likely to reduce animal welfare, among other things because it necessitates individual housing of animals. Castration may thus be warranted to improve the working environment as well as animal welfare in preclinical porcine studies of atherosclerosis involving males.

Study limitations {#sec018}
-----------------

The relatively small number of animals may have masked our ability to detect some effects of castration on plasma lipids and atherosclerosis traits. Furthermore, as a model to understand effects on atherosclerosis of ADT in humans, pigs like other non-primate models are limited by differences in sex hormone physiology \[[@pone.0234131.ref018]\]. Another limitation of our study is the lack of advanced coronary atherosclerosis, including thin-cap fibroatheromas that would provide a more direct model of the type of atherosclerosis that may cause excess cardiovascular events in persons with spontaneous hypogonadism or patients undergoing ADT.

Conclusion {#sec019}
----------

In conclusion, we found orchiectomy to increase plaque necrosis in PCSK9^D374Y^ Yucatan minipigs in the absence of changes in atherosclerosis burden and with only a sparse effect on the atherogenic lipid profile. It also reduced signs of aggression. Together with previous studies in mouse models, our finding points to direct effects of castration on necrotic core formation.

Supporting information {#sec020}
======================
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ADT

:   Androgen deprivation therapy

APOE

:   Apolipoprotein E

AUC

:   Area under the curve

GnRH

:   Gonadotropin-Releasing Hormone

HDL

:   High-density lipoprotein

HFHC

:   High-fat high-cholesterol (diet)

LAD

:   Left anterior descending (coronary artery)

LDL

:   Low-density lipoprotein

LDLR

:   Low-density lipoprotein receptor

Orx

:   Orchiectomized

PCSK9

:   Proprotein convertase subtilisin/kexin type 9
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Methods: Please provide more details on orchiectomy: Was the anesthesia per animal or per weight? Local anesthesia? How were they monitored? Any posttreatment analgesia? Can be in supplementary section.

Please provide details as to feeding and dietary composition as pathology is driven by diet.

Please provide reference as to assessment scheme for behavioral observations. Is this a standard assessment in the species?

Please provide details to observer: is this a person the animals are familiar with or not?

Please state how "shyness" is scored. This is a subjective term

Lipoprotein fraction data is presented but method of assessment not specified. Please include this methodology.

It is apparent from reading the result section that evaluation of aortic lesions was done to ensure advanced lesions -- however it is a little confusing from the method section that this is what has been done. The authors should clarify the following section in methods to avoid confusion.

"Two plaques in the abdominal aortas were also obtained: One distal, transversal segment containing the most raised lesion (by macroscopic inspection) in the region close to the aortic trifurcation, and one proximal segment containing the most raised lesion further proximal in the abdominal aorta."

Provide reference to "Lesions were categorized according to the Virmani classification as normal, xanthoma, pathological intimal thickening or fibroatheroma."

For statistical analyses: Has data been tested for normal distribution? Consider executing a repeated measure multivariate analyses instead of t-test of AUC and include LDL-C as explanatory variable to address whether observed differences in necrotic core could be explained by LDL cholesterol differences, although only subtle differences are observed.

Results:

Figures: Well-illustrated figures and figures and in particular very useful to show all data points (in the unpaired data, where it makes sense) including from what individual histology is depicted.

Figure 1 legend: Please include what histological staining that is used H-I.

Text: If direct measures of body composition specifically fat% is available from these animals, this would be highly relevant.

For the headline please rephrase the word "facilitate" ("Castration facilitates plaque necrosis in fibroatheromas").

Discussion: Again, as stated for the introduction, previous studies in minipigs should be taken into consideration. Additionally, beside the studies exploring effects of castration, discussion of breed susceptibility could also be taken in, with reference to the e.g. Neeb et al suggesting the Yucatan to be less prone to metabolic syndrome compared to Ossabaw pigs (Neeb Z et al Comp Med. 2010 Aug; 60(4): 300--315. PMID: 20819380). The finding of no difference in bodyweight between the two groups is somewhat surprising.

Rephrase "...castration facilitates atherosclerosis.." -- the data presented suggests an association between castrated animals and increased necrotic core, but actual mechanistic studies to cover the underlying biology has not been executed.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Author response to Decision Letter 0

6 May 2020

Editor comments

1\. As part of your revision, please complete and submit a copy of the ARRIVE Guidelines checklist, a document that aims to improve experimental reporting and reproducibility of animal studies for purposes of post-publication data analysis and reproducibility: <https://www.nc3rs.org.uk/arrive-guidelines>. Please include your completed checklist as a Supporting Information file. Note that if your paper is accepted for publication, this checklist will be published as part of your article.

Response: We have filled the ARRIVE Guidelines checklist and expanded on our description of animals and data analysis throughout the methods section.

2\. We note that you have a patent relating to material pertinent to this article. Please provide an amended statement of Competing Interests to declare this patent (with details including name and number), along with any other relevant declarations relating to employment, consultancy, patents, products in development or modified products etc. Please confirm that this does not alter your adherence to all PLOS ONE policies on sharing data and materials, as detailed online in our guide for authors<http://journals.plos.org/plosone/s/competing-interests> by including the following statement: \"This does not alter our adherence to PLOS ONE policies on sharing data and materials." If there are restrictions on sharing of data and/or materials, please state these. Please note that we cannot proceed with consideration of your article until this information has been declared.

Response: We have the patent on the D374Y-PCSK9 minipigs. The existence of this patent does not alter our adherence to PLOS ONE policies on sharing data and materials, which is now also stated in text.

Reviewer \#1 comments

Shim et al. have studied the effects of neonatal castration on atherosclerosis and aggressive behavior in yucatan minipigs with genetic hypercholesterolemia. The study is well performed and adequately discussed.

Response: We thank the reviewer for the time and effort invested in reading and suggesting improvements and clarifications for our manuscript.

I have only a few minor points.

1\. Background, page 4, line 10: Remove the words "through changes in T cell maturation".

Response: We have now removed this part of the sentence and we thank the reviewer for helping us making the point in this sentence clear.

2\. Were any samples below LOD of the testosterone assay?

Response: We detected levels of testosterone in all samples; the lowest value we measured was 68.3 pg/ml (LOD was lower or equal to 40 pg/ml).

3\. Insert a reference or a more detailed description of Virmani classification of plaque morphology.

Response: In the final sentence in the Methods section, we have now added the reference to the original paper by Virmani et al (reference 11) which contains a detailed description of the Virmani classification.

4\. Replace the rather old reference 3 with a recent review (Arterioscler Thromb Vasc Biol. 2020 Mar;40(3):e55-e64. doi: 10.1161/ATVBAHA.119.313046. Epub 2020 Jan 23. Cardiovascular Effects of Androgen Deprivation Therapy in Prostate Cancer: Contemporary Meta-Analyses.)

Response: We thank the reviewer for pointing out this new paper as an up-to-date reference. We have replaced this reference.

5\. Discussion: Not only GnRH agonist but also direct testosterone/AR-mediated modulation of necrotic core has been shown in mouse models (Bourghardt et al. Endocrinology. 2010 Nov;151(11):5428-37).

Response: Thank you for correcting our omission of this important observation. We have referred to this work in the discussion of the revised manuscript (lines 247-248 and ref 12).

6\. The authors mention species differences in sex hormone physiology. Which are they? Clarify or at least insert a reference.

Response: We have chosen to omit the part of the sentence in the introduction stating this. For the limitation sections we have added reference to Christoffersen B et al (ref 18) in which differences in estradiol/testosterone ratios between pigs and human are described.

 

Reviewer \#2 comments

The authors present a paper, evaluating the effect of castration on atherogenesis and behavior in Yucatan minipigs. The content of the paper is overall interesting and of relevance from a model development point of view; in particular considering atherosclerosis studies in pigs being costly and time consuming where standard approaches done for e.g. practical reasons (such as castration), may have an impact on the disease progression. The data presented include lipid levels, histology incl. morphology and morphometric measures in both aorta and LAD. The data is presented well and accurately in the figures and pictures. Additionally, the animals have been observed with regards to behavior before and after castration.

The conclusion of the study is that modest effects of castration is observed on plasma lipids and plaque burden in minipigs.

The text presents with some deficiencies in terms of method description and aspects discussed. Additionally, the text should be revised with regards to wordings, grammatic and in general be more concise and accurate. Also check that referred methods software and systems are described according to guidelines of the journal.

Recommendation: For publication the paper should go through a major review in order to focus the aim, discussion and perspective of the study.

Response: We thank the reviewer for the time and effort invested in reading and suggesting improvements and clarifications for our manuscript.

Specific inquires:

Title: Suggestion that the title should cover the primary focus of the study -- is this to evaluate effects on behavior or atherogenesis? Proposal to narrow this down to the latter and include the behavioral aspect to be as part of perspective of the model. Also, the conclusion only touches on the atherogenesis part, supporting to narrow the main scope of the study.

Response: Thank you for this suggestion. We agree that this could be a good idea and have changed the title to: "Effects of Castration on Atherosclerosis in Yucatan Minipigs with Genetic Hypercholesterolemia".

Abstract: Please include up-front the number of animals evaluated as well as age and duration of study, for the reader to quickly understand what the results show.

Introduction: Although it may be correct that effect of neutralization has not been systematically evaluated in pig models, it should be taken into consideration and referred that effects on metabolic syndrome and obesity has been evaluated systematically in Göttingen Minipigs (e.g. Christoffersen BO Steroids. 2010 Oct;75(10):676-84. doi:10.1016/j.steroids. 2010.04.004. -- other more novel papers may refer to this).

Response: Thank you for suggesting these improvements. We have inserted the number of animals as well as more information on experimental design. We have also rewritten the results section for clarity. The mention of other relevant endpoints affected by castration, including metabolic syndrome, has been incorporated in the discussion (lines 263-271)

Methods: Please provide more details on orchiectomy: Was the anesthesia per animal or per

weight? Local anesthesia? How were they monitored? Any posttreatment analgesia? Can be

in supplementary section.

Response: Orchiectomy was performed by a standard agricultural procedure with anesthesia in the facility that breeds our transgenic minipigs using a long-acting NSAID (flunixine meglumine). Anesthesia was per animal and the piglets were monitored by the stable staff afterwards. No posttreatment analgesia was given. Some animals outside those described in the paper were excluded from the study and euthanized because of the development of scrotal hernia (n=3). These hernias were occurring generally among the male pigs in the breeding colony at the time. After selecting other breeders from our colony for subsequent studies, we are seeing this rarely, including in castrated pigs. We therefore believe that it is genetic and not related to the procedure. In the present study it was seen in both castrated (n=2) and non-castrated pigs (n=1). We have edited the text to describe this. It can be found on lines 100-102 and lines 110-115).

Please provide details as to feeding and dietary composition as pathology is driven by diet.

Response: We have inserted more details about the diet and feeding regimen on lines 105-109. Pigs were fed ad libitum until they reached 20-25 kg of body weight and was thereafter fed 700 g of feed divided in two daily portions.

Please provide reference as to assessment scheme for behavioral observations. Is this a standard assessment in the species?

Response: This was an assessment scheme we developed in collaboration with the animal caretakers. To our knowledge there is no standard assessment scheme for pig aggressive behavior. We have inserted more detail about the assessment on lines 118-130.

Please provide details to observer: is this a person the animals are familiar with or not?

Response: The persons scoring the pigs were part of the daily animal staff and familiar to the pigs. We have added that information to lines 125-126.

Please state how "shyness" is scored. This is a subjective term

Response: "Shyness" was used to describe the behavior of pigs attempting to keep a distance to the observer at all times. This information has been added to lines 124-125.

Lipoprotein fraction data is presented but method of assessment not specified. Please include this methodology.

Response: LDL and HDL cholesterol were measured by the direct method using the standard assays for the Siemens ADVIA1800 autoanalyzer. This has now been added to the manuscript on lines 133-136.

It is apparent from reading the result section that evaluation of aortic lesions was done to ensure advanced lesions -- however it is a little confusing from the method section that this is what has been done. The authors should clarify the following section in methods to avoid confusion.

"Two plaques in the abdominal aortas were also obtained: One distal, transversal segment containing the most raised lesion (by macroscopic inspection) in the region close to the aortic trifurcation, and one proximal segment containing the most raised lesion further proximal in the abdominal aorta."

Response: As the reviewer notes, our goal was to look at the most advanced lesions in the abdominal aorta, which are also the most advanced lesions overall. We have rephrased the sentence so that it now reads: "The most advanced lesion (by macroscopic inspection) in two regions of the abdominal aorta were also obtained. Lesions develop reproducibly in the distal aorta near the aortic trifurcation and a cross-sectional slice containing the most raised lesion in this region was selected. Furthermore, a cross-sectional slice containing the most raised lesion furthermore proximal in the abdominal aorta (typically near the renal arteries) were obtained". The revised text can be found on lines 157-165.

Provide reference to "Lesions were categorized according to the Virmani classification as normal, xanthoma, pathological intimal thickening or fibroatheroma."

Response: In the final sentence in the Methods section (lines 168-169), we have now added the reference to the original paper by Virmani et al (reference 11) which contains a detailed description of the Virmani classification.

For statistical analyses: Has data been tested for normal distribution? Consider executing a repeated measure multivariate analyses instead of t-test of AUC and include LDL-C as explanatory variable to address whether observed differences in necrotic core could be explained by LDL cholesterol differences, although only subtle differences are observed.

Response: Yes, data was tested for normal distribution with the Shapiro-Wilk normality test and this information is now included in the statistics section on lines 172-180. We appreciate the suggestion to do repeated measures ANOVA on the plasma lipid data. The reason that we prefer the AUC approach is that this type of statistics fits well with the biological understanding of the connection between plasma lipids and atherosclerosis, i.e. that it is the cumulative exposure that is important for the amount of atherosclerosis. We did not find any significant correlation between LDL cholesterol (measured as area-under-the-curve over the course of study) and plaque necrosis:

Results:

Figures: Well-illustrated figures and figures and in particular very useful to show all data

points (in the unpaired data, where it makes sense) including from what individual histology is depicted.

Figure 1 legend: Please include what histological staining that is used H-I.

Response: We have added that the images in panel G are stained with hematoxylin-eosin, and that H-I is data measured on hematoxylin-eosin-stained sections.

Text: If direct measures of body composition specifically fat% is available from these animals, this would be highly relevant.

Response: We appreciate this suggestion, but unfortunately, we do not have that information.

For the headline please rephrase the word "facilitate" ("Castration facilitates plaque necrosis in fibroatheromas").

Response: We appreciate this advice and have rephrased to "Plaque necrosis increased in fibroatheromas of orchiectomized pigs"

Discussion: Again, as stated for the introduction, previous studies in minipigs should be taken into consideration. Additionally, beside the studies exploring effects of castration, discussion of breed susceptibility could also be taken in, with reference to the e.g. Neeb et al suggesting the Yucatan to be less prone to metabolic syndrome compared to Ossabaw pigs (Neeb Z et al Comp Med. 2010 Aug; 60(4): 300--315. PMID: 20819380). The finding of no difference in bodyweight between the two groups is somewhat surprising.

Response: We have added a section discussing the effect of castration on metabolic parameters in pigs and the effect of breed on lines 263-271. In that context we have also discussed the importance of ad libitum versus restricted feeding.

Rephrase "...castration facilitates atherosclerosis.." -- the data presented suggests an association between castrated animals and increased necrotic core, but actual mechanistic studies to cover the underlying biology has not been executed.

Response: We agree with the reviewer and have changed the headline in the results section. I do not think that we make that statement about our data in any other parts of the manuscript.

###### 

Submitted filename: Response to Reviewers.docx
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Click here for additional data file.
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Dear Dr. Bentzon,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Michael Bader

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#2: No
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Dear Dr. Bentzon:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Prof. Michael Bader

Academic Editor

PLOS ONE
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